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1. Pain must develop after a surgical procedure 
2. Pain is of at least 2 months duration 
3. Other causes for the pain have been excluded 







• Preoperative pain 
• Psychosocial factors 
• Age 
• Intraoperative nerve injury 

















1. Signal Transduction  
2. Action Potential Generation 
3. Transmission of AP to the Central Nervous System (CNS) 
4. Second-order neuron activation and transmission to the Thalamus 
5. Third order neuron activation and transmission to the Somatosensory Cortex 






















































• Overnight Illumination: Cages were kept in an illuminated chamber overnight to 
disrupt normal sleeping cycles. 
• Food Deprivation: Food hoppers were removed from cages for 12 hours usually 
overnight.  
• Water Deprivation: Water bottles were removed from cages for 8 hours during the 
day.  
• Forced Swim: Mice were tested and recorded for 6 minutes in forced swim beakers. 
Number of times mice gave up swimming was scored.  
• Cage Tilt: Cages were left tilted at 45° for 8 hours during the day.  
• Cage Shake: Cages were shaken for 5 minutes. 
• Moist Bedding: Approximately 400ml of water was released into the bedding of the 
cages for 8 hours.  
• Cage Reduction: Spacers that reduced the size of the cage in half were put in place 


































































1. Aasvang, E., & Kehlet, H. (2005). Chronic postoperative pain: the case of inguinal herniorrhaphy. 
British Journal of Anaesthesia, 95(1), 69–76. http://doi.org/10.1093/bja/aei019 
2. Bannon, A. W., & Malmberg, A. B. (2007). Models of nociception: hot-plate, tail-flick, and formalin 
tests in rodents. Current Protocols in Neuroscience / Editorial Board, Jacqueline N. Crawley ... [et 
Al.], Chapter 8, Unit 8.9. http://doi.org/10.1002/0471142301.ns0809s41 
3. Basbaum, A. I., Bautista, D. M., Scherrer, G., & Julius, D. (2009). Cellular and Molecular Mechanisms 
of Pain. Cell, 139(2), 267–284. http://doi.org/10.1016/j.cell.2009.09.028 
4. Bjordal, J. M., Johnson, M. I., & Ljunggreen, A. E. (2003). Transcutaneous electrical nerve stimulation 
(TENS) can reduce postoperative analgesic consumption. A meta-analysis with assessment of optimal 
treatment parameters for postoperative pain. European Journal of Pain, 7(2), 181–188. 
http://doi.org/10.1016/S1090-3801(02)00098-8 
5. Black, J. M., & Matassarin, J., E. (1997). Pain. Medical-Surgical Nursing: Clinical Management for 
Continuity of Care, 5th Ed., 342–365. 
6. Block, A. R., Ohnmeiss, D. D., Guyer, R. D., Rashbaum, R. F., & Hochschuler, S. H. (2001). The use 
of presurgical psychological screening to predict the outcome of spine surgery. The Spine Journal, 
1(4), 274–282. http://doi.org/10.1016/S1529-9430(01)00054-7 
7. Bruce, J., & Quinlan, J. (2011). Chronic Post Surgical Pain. Reviews in Pain, 5(3), 23–29. 
http://doi.org/10.1177/204946371100500306 
8. Bursztajn, S., Rutkowski, M. D., & Deleo, J. A. (2004). The role of the N-methyl-D-aspartate receptor 
NR1 subunit in peripheral nerve injury-induced mechanical allodynia, glial activation and chemokine 
expression in the mouse. Neuroscience, 125(1), 269–275. 
http://doi.org/10.1016/j.neuroscience.2004.01.024 
9. Caldji, C., Diorio, J., & Meaney, M. J. (2000). Variations in maternal care in infancy regulate the 
development of stress reactivity. Biological Psychiatry, 48(12), 1164–1174. 
	 40 
10. Carroll, I., Hah, J., Mackey, S., Ottestad, E., Kong, J., Lahidji, S., … Curtin, C. (2013). Perioperative 
Interventions to Reduce Chronic Postsurgical Pain. Journal of Reconstructive Microsurgery, 29(04), 
213–222. http://doi.org/10.1055/s-0032-1329921 
11. Carter, M., & Shieh, J. C. (2009). Guide to Research Techniques in Neuroscience. Academic Press. 
12. Caterina, M. J., Schumacher, M. A., Tominaga, M., Rosen, T. A., Levine, J. D., & Julius, D. (1997). 
The capsaicin receptor: a heat-activated ion channel in the pain pathway. Nature, 389(6653), 816–824. 
http://doi.org/10.1038/39807 
13. Caumo, W., Schmidt, A. P., Schneider, C. N., Bergmann, J., Iwamoto, C. W., Adamatti, L. C., … 
Ferreira, M. B. C. (2002). Preoperative predictors of moderate to intense acute postoperative pain in 
patients undergoing abdominal surgery. Acta Anaesthesiologica Scandinavica, 46(10), 1265–1271. 
http://doi.org/10.1034/j.1399-6576.2002.461015.x 
14. Cesare, P., & McNaughton, P. (1996). A novel heat-activated current in nociceptive neurons and its 
sensitization by bradykinin. Proceedings of the National Academy of Sciences, 93(26), 15435–15439. 
15. Clarke, H., Bonin, R. P., Orser, B. A., Englesakis, M., Wijeysundera, D. N., & Katz, J. (2012). The 
prevention of chronic postsurgical pain using gabapentin and pregabalin: a combined systematic 
review and meta-analysis. Anesthesia and Analgesia, 115(2), 428–442. 
http://doi.org/10.1213/ANE.0b013e318249d36e 
16. Clarke, H., Katz, J., Flor, H., Rietschel, M., Diehl, S. R., & Seltzer, Z. (2014). Genetics of chronic 
post-surgical pain: a crucial step toward personal pain medicine. Canadian Journal of Anaesthesia = 
Journal Canadien D’anesthesie. http://doi.org/10.1007/s12630-014-0287-6 
17. Crettaz, B., Marziniak, M., Willeke, P., Young, P., Hellhammer, D., Stumpf, A., & Burgmer, M. 
(2013). Stress-Induced Allodynia – Evidence of Increased Pain Sensitivity in Healthy Humans and 
Patients with Chronic Pain after Experimentally Induced Psychosocial Stress. PLoS ONE, 8(8), 
e69460. http://doi.org/10.1371/journal.pone.0069460 
18. Demir, Y. (2012). Non-Pharmacological Therapies in Pain Management. In G. Racz (Ed.), Pain 




19. Diatchenko, L., Slade, G. D., Nackley, A. G., Bhalang, K., Sigurdsson, A., Belfer, I., … Maixner, W. 
(2005). Genetic basis for individual variations in pain perception and the development of a chronic 
pain condition. Human Molecular Genetics, 14(1), 135–143. http://doi.org/10.1093/hmg/ddi013 
20. Dufton, L. M., Konik, B., Colletti, R., Stanger, C., Boyer, M., Morrow, S., & Compas, B. E. (2008). 
Effects of stress on pain threshold and tolerance in children with recurrent abdominal pain. Pain, 
136(1-2), 38–43. http://doi.org/10.1016/j.pain.2007.06.012 
21. Duraku, L. S., Hossaini, M., Hoendervangers, S., Falke, L. L., Kambiz, S., Mudera, V. C., … Ruigrok, 
T. J. H. (2012). Spatiotemporal dynamics of re-innervation and hyperinnervation patterns by uninjured 
CGRP fibers in the rat foot sole epidermis after nerve injury. Molecular Pain, 8(1), 61. 
http://doi.org/10.1186/1744-8069-8-61 
22. Ehde, D. M., Dillworth, T. M., & Turner, J. A. (2014). Cognitive-behavioral therapy for individuals 
with chronic pain: Efficacy, innovations, and directions for research. American Psychologist, 69(2), 
153–166. http://doi.org/10.1037/a0035747 
23. Gaskin, D. J., & Richard, P. (2012). The Economic Costs of Pain in the United States. The Journal of 
Pain, 13(8), 715–724. http://doi.org/10.1016/j.jpain.2012.03.009 
24. Harsoor, S. (2011). Emerging concepts in post-operative pain management. Indian Journal of 
Anaesthesia, 55(2), 101–103. http://doi.org/10.4103/0019-5049.79872 
25. Hassett, A. L., & Williams, D. A. (2011). Non-pharmacological treatment of chronic widespread 
musculoskeletal pain. Best Practice & Research. Clinical Rheumatology, 25(2), 299–309. 
http://doi.org/10.1016/j.berh.2011.01.005 
26. Herman, J. P., & Cullinan, W. E. (1997). Neurocircuitry of stress: central control of the hypothalamo–
pituitary–adrenocortical axis. Trends in Neurosciences, 20(2), 78–84. http://doi.org/10.1016/S0166-
2236(96)10069-2 
	 42 
27. Hill, M. N., Hellemans, K. G. C., Verma, P., Gorzalka, B. B., & Weinberg, J. (2012). Neurobiology of 
chronic mild stress: Parallels to major depression. Neuroscience & Biobehavioral Reviews, 36(9), 
2085–2117. http://doi.org/10.1016/j.neubiorev.2012.07.001 
28. Hinrichs-Rocker, A., Schulz, K., Järvinen, I., Lefering, R., Simanski, C., & Neugebauer, E. A. M. 
(2009). Psychosocial predictors and correlates for chronic post-surgical pain (CPSP) - a systematic 
review. European Journal of Pain (London, England), 13(7), 719–730. 
http://doi.org/10.1016/j.ejpain.2008.07.015 
29. Jenkins, J. T., & O’Dwyer, P. J. (2008). Inguinal hernias. BMJ, 336(7638), 269–272. 
http://doi.org/10.1136/bmj.39450.428275.AD 
30. Jennings, E. M., Okine, B. N., Roche, M., & Finn, D. P. (2014). Stress-induced hyperalgesia. Progress 
in Neurobiology, 121, 1–18. http://doi.org/10.1016/j.pneurobio.2014.06.003 
31. Kehlet, H., Jensen, T. S., & Woolf, C. J. (2006). Persistent postsurgical pain: risk factors and 
prevention. The Lancet, 367(9522), 1618–1625. http://doi.org/10.1016/S0140-6736(06)68700-X 
32. Kotzer, A. M. (2000). Factors predicting postoperative pain in children and adolescents following 
spine fusion. Issues in Comprehensive Pediatric Nursing, 23(2), 83–102. 
33. Macrae, W. A. (2008). Chronic post-surgical pain: 10 years on. British Journal of Anaesthesia, 101(1), 
77–86. http://doi.org/10.1093/bja/aen099 
34. McBeth, J., Morris, S., Benjamin, S., Silman, A. J., & Macfarlane, G. J. (2001). Associations between 
adverse events in childhood and chronic widespread pain in adulthood: are they explained by 
differential recall? The Journal of Rheumatology, 28(10), 2305–2309. 
35. Moayedi, M., & Davis, K. D. (2013). Theories of pain: from specificity to gate control. Journal of 
Neurophysiology, 109(1), 5–12. http://doi.org/10.1152/jn.00457.2012 
36. Neil, M. J., & Macrae, W. A. (2009). Post Surgical Pain- The Transition from Acute to Chronic Pain. 
Reviews in Pain, 3(2), 6–9. http://doi.org/10.1177/204946370900300203 
37. Neuroscience. (2001) (2nd ed.). Sinauer Associates. 
	 43 
38. Nicholson, B., & Verma, S. (2004). Comorbidities in chronic neuropathic pain. Pain Medicine 
(Malden, Mass.), 5 Suppl 1, S9–S27. 
39. Nishinaka, T., Kinoshita, M., Nakamoto, K., & Tokuyama, S. (2015). Sex differences in depression-
like behavior after nerve injury are associated with differential changes in brain-derived neurotrophic 
factor levels in mice subjected to early life stress. Neuroscience Letters, 592, 32–36. 
http://doi.org/10.1016/j.neulet.2015.02.053 
40. Nishinaka, T., Nakamoto, K., & Tokuyama, S. (2015). Enhancement of nerve-injury-induced thermal 
and mechanical hypersensitivity in adult male and female mice following early life stress. Life 
Sciences, 121, 28–34. http://doi.org/10.1016/j.lfs.2014.11.012 
41. Pellow, S., Chopin, P., File, S. E., & Briley, M. (1985). Validation of open:closed arm entries in an 
elevated plus-maze as a measure of anxiety in the rat. Journal of Neuroscience Methods, 14(3), 149–
167. 
42. Rabbitts, J. A., Groenewald, C. B., Tai, G. G., & Palermo, T. M. (2014). Presurgical psychosocial 
predictors of acute postsurgical pain and quality of life in children undergoing major surgery. The 
Journal of Pain: Official Journal of the American Pain Society. 
http://doi.org/10.1016/j.jpain.2014.11.015 
43. Relieving Pain in America: A Blueprint for Transforming Prevention, Care, Education, and Research. 
(n.d.). Retrieved January 23, 2015, from 
http://books.nap.edu/openbook.php?record_id=13172&page=1 
44. Ripoll, N., Hascoët, M., & Bourin, M. (2006). The four-plates test: anxiolytic or analgesic paradigm? 
Progress in Neuro-Psychopharmacology & Biological Psychiatry, 30(5), 873–880. 
http://doi.org/10.1016/j.pnpbp.2005.11.036 
45. Roberts, D. W., Savage, J. W., Schwartz, D. G., Carreon, L. Y., Sucato, D. J., Sanders, J. O., … 
Sarwark, J. F. (2011). Male-female differences in Scoliosis Research Society-30 scores in adolescent 
idiopathic scoliosis. Spine, 36(1), E53–59. http://doi.org/10.1097/BRS.0b013e3181ef9efc 
	 44 
46. Sieberg, C. B., Simons, L. E., Edelstein, M. R., DeAngelis, M. R., Pielech, M., Sethna, N., & Hresko, 
M. T. (2013). Pain Prevalence and Trajectories Following Pediatric Spinal Fusion Surgery. The 
Journal of Pain, 14(12), 1694–1702. http://doi.org/10.1016/j.jpain.2013.09.005 
47. Toya, S., Takatsuru, Y., Kokubo, M., Amano, I., Shimokawa, N., & Koibuchi, N. (2014). Early-life-
stress affects the homeostasis of glutamatergic synapses. European Journal of Neuroscience, 40(11), 
3627–3634. http://doi.org/10.1111/ejn.12728 
48. Van de Ven, T. J., & John Hsia, H.-L. (2012). Causes and prevention of chronic postsurgical pain. 
Current Opinion in Critical Care, 18(4), 366–371. http://doi.org/10.1097/MCC.0b013e3283557a7f 
49. Vickers AJ, Cronin AM, Maschino AC, & et al. (2012). Acupuncture for chronic pain: Individual 
patient data meta-analysis. Archives of Internal Medicine, 172(19), 1444–1453. 
http://doi.org/10.1001/archinternmed.2012.3654 
50. Vierck, C. J., Whitsel, B. L., Favorov, O. V., Brown, A. W., & Tommerdahl, M. (2013). Role of 
primary somatosensory cortex in the coding of pain. Pain, 154(3), 334–344. 
http://doi.org/10.1016/j.pain.2012.10.021 
51. Voscopoulos, C., & Lema, M. (2010). When does acute pain become chronic? British Journal of 
Anaesthesia, 105(suppl 1), i69–i85. http://doi.org/10.1093/bja/aeq323 
52. Willner, P. (1997). Validity, reliability and utility of the chronic mild stress model of depression: a 10-
year review and evaluation. Psychopharmacology, 134(4), 319–329. 
http://doi.org/10.1007/s002130050456 
53. Willner, P., & Mitchell, P. J. (2002). The validity of animal models of predisposition to depression. 
Behavioural Pharmacology, 13(3), 169–188. 
54. Reddy, Archana (2014). The effect of environment on post surgical well-being and pain sensitivity in 
an animal model (Masters Thesis). Boston University School of Medicine, Boston, Massachusetts 
USA.  
	 	
	45 
CURRICULUM	VITAE	
	46 
	 47 
